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BIOLOGICAL NITROGEN FIXATION BY EPIPHYTIC 
MICROORGANISMS IN RICE FIELDSI 
ABSTRACT 
Epiphyt ic  microorganisms have been observed on sha l -  
low wetland r i c e ,  deepwater r i c e ,  and on weeds grow- 
i n g  i n  rice f i e l d s .  
ecosystem, microorganisms e p i p h y t i c  on r i c e  and weeds 
make a l i m i t e d  c o n t r i b u t i o n  t o  t h e  n i t r o g e n  i n p u t  
b u t  blue-green a l g a e  p l ay  an  impor tan t  r o l e  provid ing  
an inoculum f o r  t h e  r egene ra t ion  of t h e  a l g a l  blooms 
t h a t  a r e  p e r i o d i c a l l y  a f f e c t e d  by adve r se  cond i t ions .  
I n  deepwater r i c e ,  which o f f e r s  a much g r e a t e r  bio-  
mass f o r  c o l o n i z a t i o n ,  t h e  c o n t r i b u t i o n  of n i t r o g e n  
by t h e  e p i p h y t i c  BGA i s  of agronomical s i g n i f i c a n c e .  
I n  t h e  wet land r i c e  f i e l d  
The measured a c t i v i t y  cor responds  t o  an  inpu t  of 
about 10-20 kg N/ha pe r  c rop  i n  t h e  r i c e  f i e l d  mainly 
due to  BGA. 
Blue-green a l g a e  were found t o  grow p r e f e r e n t i a l l y  
on submerged decaying t i s s u e s .  
i n s i d e  t h e  l e a f  shea th  w a s  a l s o  observed i n  deepwater 
rice. Observa t ions  suppor t  t h a t  a l g a l  ep iphyt i sm 
and endophytism a r e  proliably r e l a t e d  t o  a mechanical  
e f f e c t  r a t h e r  than  t o  b i o t i c  r e l a t i o n s h i p s .  
An endophyt ic  growth 
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BIOLOGICAL NITROGEN FIXATION BY EPIPHYTIC 
MICROORGANISMS I N  RICE FIELDS 
It i s  w e l l  known t h a t  b i o l o g i c a l  n i t r o g e n  f i x a t i o n  
c o n t r i b u t e s  s i g n i f i c a n t l y  t o  the f e r t i l i t y  of r ice  
s o i l s .  
and t h e i r  s p a t i a l  d i s t r i b u t i o n  w i t h i n  a r ice f i e l d  
ecosystem are i l l u s t r a t e d  i n  F i g u r e  1. S t u d i e s  on 
most of  the components d e p i c t e d  i n  t h e  f i g u r e  have 
been r e c e n t l y  reviewed: Dommergues and Rinaudo 
(1979) on t h e  rh izosphere ,  Matsuguchi (1979) on 
h e t e r o t r o p h i c  b a c t e r i a ,  Roger and Reynaud (1979) 
and Venkataraman (1979) on t h e  blue-green a l g a e  
(BGA), and Watanabe (1978) and Becking (1979) on 
Azol la .  There are a few r e p o r t s  on n i t r o g e n - f i x i n g  
b a c t e r i a  a s s o c i a t e d  w i t h  r ice  stems (Watanabe e t  a l  
1979, Watanabe and Barraquio  1979) and on n i t r o g e n  
f i x a t i o n  by BGA e p i p h y t i c  on f r e s h w a t e r  macrophytes 
(Finke and Seeley 1978) ,  b u t  w e  are unaware of any 
s t u d i e s  on n i t r o g e n  f i x a t i o n  by  e p i p h y t i c  BGA i n  
r ice  f i e l d s .  
Microorganisms o p e r a t i v e  i n  t h i s  process  
?y Floodwater 
Fig .  1. 
f i e l d  ecosystem. Bacteria: (1) rhizosphere ,  
(2 )  s o i l ,  (3) e p i p h y t i c  on rice, ( 4 )  e p i p h y t i c  on 
weeds. Cyanobacter ia :  (5) s o i l  water i n t e r f a c e ,  
(6) f r e e  f l o a t i n g ,  (7)  water a i r  i n t e r f a c e ,  (8) ep i -  
p h y t i c  on r i c e ,  (9) e p i p h y t i c  on weeds. Azol la  (10) .  
Diagram o f  N2-fixing components i n  a r i c e  
I n  r ice f i e l d s ,  t h e  e p i p h y t i c  m i c r o f l o r a  appear  t o  
occupy a n  e c o l o g i c a l  n i c h e  w i t h  c e r t a i n  d i s t i n c t i v e  
f e a t u r e s .  BGA, be ing  a t t a c h e d  i n  a somewhat perma- 
nent  submerged p o s i t i o n ,  are p r o t e c t e d  from d e s s i -  
' c a t i o n  and i n h i b i t o r y  e f f e c t s  of high s o l a r  r a d i a -  
t i o n  (Reynaud and Roger 1979) .  This  e p i p h y t i c  
h a b i t  is  advantageous t o  t h e  h e t e r o t r o p h i c  b a c t e r i a  
t h a t  may o b t a i n  nourishment from t h e i r  h o s t s ,  b u t  no 
n u t r i t i v e  a s s o c i a t i o n  between t h e  a l g a e  and t h e  h o s t  
p l a n t s  i s  known. 
I n  t h e  wet land r ice  f i e l d  ecosystem, epiphyt ism can 
occur  on the submerged p a r t s  o f  r i ce  p l a n t s  and 
weeds. The submerged weed p o p u l a t i o n  can develop 
i n t o  a c o n s i d e r a b l e  biomass and i n  such cases t h e  
e p i p h y t i c  m i c r o f l o r a  on them may make a s i g n i f i c a n t  
c o n t r i b u t i o n  t o  t h e  t o t a l  n i t r o g e n  i n p u t .  I n  deep- 
water r i c e ,  a l a r g e  p a r t  of  t h e  p l a n t  remains under 
water and o f f e r s  a s u b s t a n t i a l  biomass f o r  co loniza-  
t i o n  by a q u a t i c  microorganisms. I n  a d d i t i o n ,  t h e  
submerged stems produce c l u s t e r s  o f  nodal  r o o t s  t h a t  
grow f r e e l y  i n  t h e  f loodwater .  
p roducts  from the e p i p h y t i c  m i c r o f l o r a  on such r o o t s  
may provide  a s o u r c e  of n u t r i t i o n  t o  t h e  r ice p l a n t s .  
There are b r i e f  r e p o r t s  on t h e  presence  of  n i t r o g e n -  
f i x i n g  BGA on deepwater r ice (Mart inez and C a t l i n g  
1978) and photodependent n i t r o g e n - f i x i n g  a c t i v i t y  
a s s o c i a t e d  w i t h  t h e i r  nodal  r o o t s  (IRRI 1977) .  
W e  s t u d i e d  e p i p h y t i c  microorganisms and n i t r o g e n -  
f i x i n g  a c t i v i t y  a s s o c i a t e d  w i t h  r ice  p l a n t s  and 
weeds i n  wet land f i e l d s ,  and w i t h  deepwater rice, 
by  microscopic  examinat ions,  a l g a l  and b a c t e r i a l  
counts ,  and acetylene-reducing a c t i v i t y  (ARA) 
measurements. 
E x t r a c e l l u l a r  
MATERIALS AND METHODS 
Experimental method 
An experiment w a s  conducted i n  1.5-m2 wet land  p l o t s  
(5-8 cm w a t e r  depth)  w i t h  5 t r e a t m e n t s  i n  t r i p l i c a t e ,  
i n  a randomized b lock  des ign .  
s e p a r a t e l y  t o  IR26 rice, submerged weeds (Chara s p .  
o r  Najas s p . ) ,  and nonsubmerged weeds (Monochoria 
vagilzazis o r  Cyperus ir.¿a). 
(DW6255) were grown i n  p o t s  c o n t a i n i n g  7 kg ( d r y  
weight)  o f  Maahas c l a y  s o i l  (Aquic Tropudalf)  p laced  
i n  a deepwater tank  i n  which t h e  water level  w a s  
p r o g r e s s i v e l y  i n c r e a s e d  1 0  c m  every o t h e r  day t o  a 
f i n a l  depth  o f  1 1 0  cm,  which w a s  maintained u n t i l  
c rop  m a t u r i t y .  
Each p l o t  w a s  p l a n t e d  
Deepwater r ice  p l a n t s  
Sampling 
Acetylene-reducing a c t i v i t y  i n  t h e  f i e l d s  has  been 
r e p o r t e d  t o  e x h i b i t  a log-normal d i s t r i b u t i o n  (Roger 
e t  a l 1 9 7 7 ) .  R e s u l t s  of  a s tudy  o f  t h e  d i s t r i b u t i o n  
l a w  of e p i p h y t i c  ARA among 35 r i c e  h i l l s  ( F i g .  2 )  
confirmed t h a t  r e p o r t  and i n d i c a t e d  a l a r g e  v a r i -  
a b i l i t y  of a c t i v i t i e s  among t h e  d i f f e r e n t  h i l l s .  
That impl ied  t h a t  measurements should b e  made on 
r e p l i c a t e s  ob ta ined  from mixed material  and n o t  on 
a few randomly s e l e c t e d  s e p a r a t e  h i l l s .  Sampling 
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w a s ,  t h e r e f o r e ,  done from t h e  complete h a r v e s t  of  
a p l o t  of  IR26 and weeds and from seven p l a n t s  f o r  
DW6255. For both  r i c e  v a r i e t i e s  and nonsubmerged 
weeds, the r o o t  system and t h e  ae r i a l  p a r t s  above 
t h e  f loodwater  level were f i r s t  exc ised ,  t h e  remain- 
i n g  material  mixed t o g e t h e r ,  and random t r i p l i c a t e  
samples taken.  With submerged weeds, t h e  e n t i r e  
p l a n t  mater ia l  w a s  used f o r  sampling. The samples 
were s t u d i e d  f o r  their s p e c i f i c  ARA and presence  of 
e p i p h y t i c  a l g a e  and b a c t e r i a .  
m o l  CzH4/hill per hour nmol CzH4/hill per hour 
Fig .  2. Histograms showkg t h e  v a r i a t i o n s  o f :  
(A) l i g h t ,  (B) dark  ARA among 35 h i l l s  from a p l o t  
a t  t i l l e r i n g  s t a g e .  
Acety Zene-reducing a c t i v i t y  
ARA measurements w e r e  made i n  250-ml Erlenmeyer 
f l a s k s  o r  i n  900-1111 p l a s t i c  c y l i n d e r s  i n  a n  atmos- 
phere  o f  10% a c e t y l e n e  i n  a i r .  Incubat ion  was e i t h e r  
under 800 l x  provided by f l u o r e s c e n t  l i g h t s ,  o r  i n  
t h e  dark  i n  aluminum-foil wrapped f l a s k s .  
material d e s t i n e d  f o r  dark  i n c u b a t i o n  w a s  covered 
i n  s i t u  w i t h  a b l a c k  c l o t h  t h e  day b e f o r e  h a r v e s t i n g ,  
t o  e l i m i n a t e  any r e s i d u a l  a l g a l  a c t i v i t y .  
samples w e r e  removed a f t e r  0 .5 ,  1, 2, 4 ,  and 6 hours  
of  i n c u b a t i o n  and analyzed by gas  chromatography. 
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P l a n t  
Gas 
AZgaZ. counts 
Algae were determined by p l a t i n g  macerated material 
on BG II medium (Al len  and S t a n i e r  1968) w i t h  and 
w i t h o u t  combined n i t r o g e n  t o  estimate t h e  t o t a l  and 
t h e  n i t r o g e n - f i x i n g  a l g a l  popula t ions ,  r e s p e c t i v e l y .  
A f t e r  i n c u b a t i n g  f o r  3 weeks a t  3OoC under cont inuous 
f l u o r e s c e n t  l i g h t  (800 l x ) ,  t h e  p l a t e s  were observed 
under a s t e r e o s c o p i c  microscope, and a l g a l  c o l o n i e s  
i d e n t i f i e d  and counted.  
\ 
Bacterial counts 
Aerobic h e t e r o t r o p h i c  n i t r o g e n - f i x i n g  b a c t e r i a  w e r e  
determined from the macerated m a t e r i a l  by t h e  most 
probable  number technique  as descr ibed  by Watanabe 
e t  a l  (1979). I n o c u l a t i o n  w a s  done i n  a semisol id  
glucose-yeast  e x t r a c t  medium, which u s u a l l y  g i v e s  
h igher  counts  than malate medium (Watanabe e t  a l  
1979) and i n  malate-yeast  e x t r a c t  medium t o  d e t e c t  
t h e  presence  of  AzospiriZZwn (Day and Döbereiner  
1976) .  
To t a l  a e r o b i c  h e t e r o t r o p h i c  b a c t e r i a  were determined 
by spreading  on t r y p t i c - s o y  (0.1%) a g a r  (1.5%) 
p l a t e s  (Watanabe and Barraquio 1979) .  A f t e r  incu- 
b a t i n g  a t  3OoC f o r  1 week, t h e  c o l o n i e s  were counted 
on  t h e  p l a t e s  c o n t a i n i n g  30 t o  300 c o l o n i e s .  
RESULTS AND DISCUSSION 
Variation of epiphytism among r i c e  hiZZs 
L i g h t  and dark  ARA among 35 h i l l s  from the same p l o t  
are shown i n  F igures  2a and 2b. Both his tograms 
e x h i b i t e d  a c h a r a c t e r i s t i c  L shape.  The s t a n d a r d  
d e v i a t i o n  of  t h e  v a r i a b l e s  w a s  very c l o s e  t o  t h e  
mean. These f e a t u r e s  i n d i c a t e d  a log-normal d i s -  
t r i b u t i o n  o f  ARA i n  t h e  l i g h t  and i n  t h e  dark .  
S i m i l a r  r e s u l t s  have been r e p o r t e d  f o r  ARA by s o i l  
a l g a e  and b a c t e r i a  (Roger e t  a l  1977) .  
Different k i d s  of epiphytism 
Two types o f  a l g a l  epiphyt ism -- t h a t  v i s i b l e  t o  t h e  
naked eye,  and t h a t  v i s i b l e  o n l y  under t h e  micro- 
scope -- w e r e  observed.  In  t h e  f i r s t  type ,  globose 
g e l a t i n o u s  c o l o n i e s  of GZoeotrichia (2-10 mm d iameter )  
w e r e  a t t a c h e d  t o  t h e  sha l low wetland r ice  p l a n t s  a t  
t h e  s e e d l i n g  and t i l l e r i n g  s t a g e s ,  t o  Chara s p .  
f i l a m e n t s ,  and less f r e q u e n t l y  t o  deepwater r ice .  
This  growth w a s  observed on b o t h  v i a b l e  and necrosed 
h o s t  material .  GZoeotrichia c o l o n i z a t i o n  w a s  a l s o  
observed on  s y n t h e t i c  material such  as o l d  nylon 
s t r i n g s .  On t h e  shal low wet land  rice, GZoeotrichia 
epiphyt ism decreased between t h e  s e e d l i n g  and t i l ler-  
i n g  s t a g e s  because a l g a l  masses detached from t h e i r  
h o s t s  when gas  bubbles  formed w i t h i n  t h e  c o l o n i e s .  
Colonies  a t t a c h e d  t o  t h e  l i v i n g  p a r t s  were observed 
t o  more e a s i l y  d i s l o d g e  than those  a t t a c h e d  t o  t h e  
necrosed p a r t s .  
The second e p i p h y t i c  h a b i t ,  s e e n  o n l y  under t h e  
microscope, was predominantly due t o  Nostoc, CaZothrix, 
and Anabaena s p . ,  whose f i l a m e n t s  grew f i r m l y  a t t a c h e d  
t o  t h e  h o s t  s u r f a c e .  This  w a s  observed on submerged 
weeds, on sha l low wetland r i c e  a t  heading and m a t u r i t y  
s t a g e s ,  and on deepwater r i c e .  
Localization of epiphytism on the host  
I n  t h e  case o f  submerged weeds t h e  d i s t r i b u t i o n  of 
Gloeo t~ ich ia  c o l o n i e s  on t h e  h o s t  w a s  f r e q u e n t l y  
unequal, w i t h  t h e  o l d e r  p a r t s  more h e a v i l y  co lonized .  
Even i n  microscopic  epiphyt ism,  c o l o n i z a t i o n  became 
p r o g r e s s i v e l y  h i g h e r  from t h e  younger t o  t h e  o l d e r  
p a r t s  o f  t h e  h o s t .  This  w a s  q u i t e  apparent  among t h e  
young, intermediate-age,  and o l d  l e a v e s  of  Najas. 
These o b s e r v a t i o n s  were confirmed by a l g a l  counts  
done s e p a r a t e l y  on o l d  and young p a r t s  o f  Chara s p .  
and Najas s p .  
o l d  p a r t s  w a s  f o u r  times t h a t  on t h e  young p a r t s .  
Shallow wetland r i c e .  R e s u l t s  o f  t h e  comparison of  
epiphyt ism on the most O u t e r  ( o u t e r )  and t h e  o t h e r  
( i n n e r )  l e a f  s h e a t h s  o f  sha l low wetland r i c e  (Table  
1) i n d i c a t e d  t h a t  bo th  ARA and m i c r o b i a l  coloniza-  
t i o n  on t h e  o u t e r  s h e a t h s  w e r e  much h igher  t h a n  on  
t h e  i n n e r  s h e a t h s ,  i r r e s p e c t i v e  o f  t e type of  
microorganisms. Experiments us ing  "N-labeled N2 
have a l s o  shown a h i g h e r  n i t rogen-f ix ing  a c t i v i t y  
on t h e  o u t e r  l e a f  s h e a t h s  than on t h e  i n n e r  ones 
( I t o  e t  a l  1980) .  
The t o t a l  a l g a l  popula t ion  on t h e  
I n  t h e  c a s e  of  a l g a e  t h e  d i f f e r e n c e  i n  n i t rogen-  
f i x i n g  a c t i v i t y  may b e  r e l a t e d  t o  l i g h t  a v a i l a b i l i t y .  
Nitrogen-f ixing a l g a e  p r e s e n t  on t h e  i n n e r  s h e a t h s  
(5.3 x 103/g f r e s h  weight)  were mainly s p o r e s  o r  
i n a c t i v e  forms as demonstrated by t h e  n e g l i g i b l e  
d i f f e r e n c e  between dark  and l i g h t  ARA measurements 
on t h e  i n n e r  s h e a t h s  (Table  1). The much h igher  
d e n s i t y  o f  b a c t e r i a  on t h e  o u t e r  s h e a t h s  may i n d i -  
c a t e  t h a t  o u t e r  p a r t s  c o n t a i n  p a r t i a l l y  decomposing 
material, which provides  s u i t a b l e  subs t ra te ' s  f o r  
b a c t e r i a l  growth. 
Deepwater r i c e .  Deepwater r ice  p l a n t s  a t  m a t u r i t y  
e x h i b i t e d  ver t ical  growth o f  t h e  lower p a r t  i n  t h e  
water (submerged) fol lowed by h o r i z o n t a l  growth o f  
t h e  upper p a r t  j u s t  under t h e  water s u r f a c e  
( f l o a t i n g ) ,  from which aer ia l  t i l lers  grew upward 
(F ig .  3 ) .  
Microscopic  examinat ions f o r  e p i p h y t i c  a l g a e  showed 
t h e  presence  of  BGA, g r e e n  a l g a e ,  and diatoms 
a t t a c h e d  t o  the s u r f a c e  o f  exposed r o o t s ,  l e a f  
s h e a t h s ,  i n n e r  r o o t s  (enclosed by l e a f  s h e a t h ) ,  and 
culm. The predominant BGA w e r e  n i t r o g e n - f i x i n g  
types ,  n o t a b l y  Nostoc, Anabaena, CaZothrix, and 
Gloeotrichia. With r e g a r d  t o  t h e  d i s t r i b u t i o n  o f  
t h e s e  e p i p h y t i c  s p e c i e s ,  no d i f f e r e n c e s  were observed 
between t h e  upper and t h e  lower p l a n t  p a r t s .  
ever, Nostoc c o l o n i e s  were f r e q u e n t l y  p r e s e n t  a t  t h e  
p o i n t s  o f  l a te ra l  branching  o f  r o o t s ,  as a l r e a d y  
r e p o r t e d  by  Watanabe (IRRI 19771, whereas Calothrix 
d i d  n o t  show any such p r e f e r e n c e .  GZoeotrichia w a s  
more common on  t h e  decaying leaves and l e a f  s h e a t h s  
than on o t h e r  p a r t s .  
p a r t s  and s e c t i o n s  i n d i c a t e d  t h a t :  
How- 
Observa t ions  made on d i s s e c t e d  
Spec ies  of  Nostoc and CaZothr& w e r e  p r e s e n t  
i n s i d e  t h e  l e a f  s h e a t h s .  
The a l g a e  w e r e  p r e s e n t  i n s i d e  t h e  c a v i t i e s  of 
t h e  l e a f  s h e a t h s  b u t  n o t  w i t h i n  t h e  h o s t  c e l l s .  
T h i s  endophytism w a s  common among senescent  o r  
dead material  b u t  a b s e n t  i n  l i v i n g  t i s s u e s .  
Microscopic  examinat ion r e v e a l e d  a n  unequal d i s t r i -  
b u t i o n  of  e p i p h y t i c  a l g a e  among t h e  d i f f e r e n t  p l a n t  
organs -- exposed r o o t s ,  l e a f  s h e a t h s ,  i n n e r  r o o t s ,  
and culm p o r t i o n s  (Fig.  4 ) .  Because of t h a t  we 
s e p a r a t e l y  used a l i q u o t  samples of  t h o s e  f o r  ARA 
and m i c r o b i a l  enumerat ions.  
- 
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Fig. 3.  Diagram of  a d e e p w a t e r , r i c e  p l a n t  a t  
m a t u r i t y .  
Fig.  4 .  Component p a r t s  of  deepwater rice a v a i l a b l e  
f o r  epiphyt ism.  1) exposed r o o t s ;  2a) l e a f  s h e a t h  
i n  p o s i t i o n ;  2b) l e a f  s h e a t h  opened o u t ;  3)  i n n e r  
r o o t s ;  and 4 )  culm. 
R e s u l t s  of  m i c r o b i a l  o b s e r v a t i o n s  and ARA measure- 
ments on  t h e  component p a r t s  are p r e s e n t e d  i n  Tables  
2 and 3. With in  t h e  l i m i t s  imposed by  accuracy of  
t h e  method (Roger and Reynaud 1978) ,  no s i g n i f i c a n t  
d i f f e r e n c e s  between microorganisms enumerated on 
submerged and f l o a t i n g  p a r t s  were observed.  
t h e  d i f f e r e n t  components o f  t h e  p l a n t s ,  the-culm 
supported t h e  lowes t  number of microorganisms 
(Table  2) .  
The ARA measurements (Table 3) c l e a r l y  show t h a t  
ARA i n  t h e  l i g h t  w a s  always h igher  than t h a t  i n  t h e  
dark and that  t h e  s p e c i f i c  ARA a s s o c i a t e d  w i t h  t h e  
f l o a t i n g  p a r t s  were h igher  than t h e  cor responding  
ARA on t h e  submerged p a r t s .  O f  t h e  d i f f e r e n t  p l a n t  
components, t h e  i n n e r  r o o t s  on t h e  f l o a t i n g  p a r t s  
e x h i b i t e d  t h e  h i g h e s t  s p e c i f i c  a c t i v i t y ,  fol lowed 
by l e a f  s h e a t h ,  exposed r o o t s ,  and culm. Xowever, 
t h e  t o t a l  ARA o f  each p a r t  ( s p e c i f i c  ARA x f r e s h  
weight)  w a s  h i g h e s t  on t h e  l e a f  s h e a t h ,  fol lowed 
by t h e  culm and exposed r o o t s .  
Among 
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Relative c e n t r i b u t i o n  of microorganisms 
Counts i n d i c a t e d  t h e  presence of bo th  n i t rogen-  
f i x i n g  BGA and b a c t e r i a  on t h e  d i f f e r e n t  h o s t s  
s t u d i e d  (Table  4 ) .  B a c t e r i a l  counts  on t ryp t i c - soy  
a g a r  r evea led  high popu la t ions  of t o t a l  a e r o b i c  
h e t e r o t r o p h s .  Compared t o  t h e  h e t e r o t r o p h s ,  n i t r o -  
gen-f ixing popu la t ions  were low. Growth on g lucose  
medium showed t h e  p re sence  of acid-gas-producing 
organisms (probably En te robac te r i aceae )  . Growth 
on malate r evea led  Azospiri tZwn-like organisms. 
p re sence  of A z e s p i r i l l w n - l i k e  b a c t e r i a  on r i c e  has  
been r e p o r t e d  by Watanabe e t  a l  (1979) .  
The 
BGA coun t s  i n d i c a t e d  t h e  presence of Gleeetrichia, 
Nostoc, CaZethrix,. and Anabaena as n i t rogen- f ix ing  
e p i p h y t i c  t ypes .  Shallow wetland rice, deepwater 
r i c e ,  and Chara s p .  had s imi l a r  a l g a l  d e n s i t i e s .  
Najas had a lower d e n s i t y .  
ARA measurements i n  t h e  l i g h t  and i n  t h e  da rk  (Table  
5) i n d i c a t e d  t h a t  h e t e r o t r o p h i c  n i t r o g e n  f i x a t i o n  
w a s  r e l a t i v e l y  cons t an t  and low (1-10 nmollg p e r  
h o u r ) ,  compared t o  t h e  pho to t roph ic  a c t i v i t y  (1-600 
nmol/g p e r  hour ) .  
h e t e r o t r o p h i c  b a c t e r i a  w a s  h igh  on ly  when t h e  a l g a l  
n i t rogen- f ix ing  a c t i v i t y  became low. 
However, counts  on s e l e c t i v e  media gave h igh  densi-  
t i e s  of e p i p h y t i c  n i t rogen- f ix ing  b a c t e r i a  (Table  4 ) ,  
b u t  da rk  ARA measurements d i d  n o t  y i e l d  r e s u l t s  
compat ible  w i t h  such popu la t ions .  Because a l l  t h e  
ARA measurements were done i n  a i r ,  i t  i s  p o s s i b l e  
t h a t  a s u b s t a n t i a l  p a r t  of t h e  a c t i v i t y  due t o  
mic roae roph i l i c  organisms could have been i n h i b i t e d .  
The presence o f  such microaerobic  sites i n  s i t u  i s  
l i k e l y ,  cons ide r ing  t h e  l a r g e  popu la t ions  of  he t e -  
The r e l a t i v e  c o n t r i b u t i o n  o f  
r o t r o p h i c  b a c t e r i a  (Table  4) a s s o c i a t e d  w i t h  t h e  
decaying h o s t  material .  
Var i a t ions  of epiphyt ism and ARA a long  t h e  
c u l t i v a t i o n  c y c l e  
A remarkable change w a s  observed i n  t h e  a l g a l  ep i -  
phytism along t h e  developmental  c y c l e  of t h e  shal low 
wetland r i c e  p l a n t ,  w i th  a corresponding change i n  
t h e  l i g h t  ARA. 
Table  1. D i s t r i b u t i o n  of ARA ( m o l  C2H4/g f r e s h  w t  
per  hour) and e p i p h y t i c  microorganisms (no . / g  f r e s h  
w t  of h o s t  m a t e r i a l )  between o u t e r  and i n n e r  p a r t s  
o f  r ice shea th  a t  heading s t a g e .  
Outer s h e a t h  Inne r  s h e a t h  
ARA L igh t  2 .5  O .15 
Dark 0.5 0.11 
4 
3 
1 . 7  x 10 
5 . 3  x 10  
5 
5 
T o t a l  a l g a l  f l o r a  3.5 x. 10 
Nitrogen-f ixing 1 . 2  x 1 0  
a l g a e  
6 3.0 x L O  8 T o t a l  ae rob ic  4.7 x 10 
h e t e r o t r o p h s  
4 9.5 x LO 7 Nitrogen f i x e r s  on 2.0 x 10  
g lucose  (Entero- 
b a c t e r i a c e a e )  
3 9 .5  x 10 6 Nitrogen f i x e r s  on 9 .5  x 10 
malate (Azospi- 
r i l t w n - l i k e )  
Table 2. Ep iphy t i c  microorganisms counted from deepwater r i ce  a t  ma tu r i ty .  
Ep iphy t i c  b a c t e r i a  (no. /g  f r e s h  w t  x 
T o t a l  N2 f i x e r s  N2 f i x e r  
h e t e r o t r o p h s  (Glucos e)  a Malate 
Component p a r t s  Ep iphy t i c  N2-fixing BGA 
(no. /g  f r e s h  w t  x 10-4) of p l a n t s  
Floating 
Exposed r o o t s  
Leaf shea th  



















Exposed r o o t s  
Leaf s h e a t h  














a Ente robac te r i aceae .  bAzespiri lZwn-like.  %.d. = n o t  determined. 
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Epiphyt ic  n i t rogen- f ix ing  a c t i v i t y  w a s  p r i m a r i l y  
due t o  a v i s i b l e  growth of GZoeotrichia, which w a s  
predominant du r ing  t h e  e a r l y  s t a g e s  of r ice  growth. 
A t  t h e  s e e d l i n g . s t a g e ,  t h e  r i c e  stems had an  epi-  
phy t i c  GZoeotrichia biomass of about  2 t / h a  ( f r e s h  
weight)  and ARA i n  t h e  l i g h t  w a s  51 pmol C2H4/m2 p e r  
hour .  A t  t i l l e r i n g ,  t h i s  biomass diminished t o  
0.5 t / h a  w i t h  an  a c t i v i t y  of 1 5  pmol C2H4/m2 p e r  
hour.  The e p i p h y t i c  a l g a e  e x h i b i t e d  t h e  same 
s p e c i f i c  a c t i v i t y  a t  t h e s e  two s t a g e s  (about  2.4 
nmol C2Hq/mg p r o t .  per  minute.  Therefore ,  t h e  ARA 
dec rease  observed from s e e d l i n g  t o  t i l l e r i n g  the re -  
a f t e r  w a s  due t o  a dec rease  of t h e  biomass of 
e p i p h y t i c  GZoeotrichia t h a t  w a s  detached from t h e i r  
h o s t  and f l o a t e d .  A t  heading and m a t u r i t y ,  a l g a l  
epiphyt ism w a s  n o t  v i s i b l e  and t h e  l i g h t  ARA had 
decreased t o  low va lues :  
p e r  hour ,  r e s p e c t i v e l y .  Neve r the l e s s ,  counts  on t h e  
r i c e  stems showed t h e  presence o f  several e p i p h y t i c  
n i t rogen- f ix ing  a l g a e  w i t h  Nostoc and CaZothricc as  
1 . 2  and 2.5 pmol C2H4/m2 
dominant s p e c i e s .  
a l though p r e s e n t  du r ing  t h e s e  s t a g e s ,  probably 
e x i s t e d  t o  a l a r g e  e x t e n t  as qu ie scen t  ce l l s  o r  
propagules  and c o n t r i b u t e d  l i t t l e  n i t r o g e n  t o  t h e  
c rop .  
w a s  p o s s i b l y  r e l a t e d  to  a dramatic  dec rease  of l i g h t  
a v a i l a b i l i t y  a t  t h e  s t a r t  of t h e  r a i n y  season and a n  
i n c r e a s e  o f  t h e  r ice canopy. 
Along t h e  c u l t i v a t i o n  c cle, dark ARA remained low 
unchanged from t i l l e r i n g  t o  ma tu r i ty .  Range o f  dark 
ARA on r ice stems ( b a c t e r i a l  a c t i v i t y )  w a s  i n  agree-  
ment w i t h  t h e  r e s u l t s  r e p o r t e d  by Watanabe e t  a l  
(1979). 
These r e s u l t s  show t h a t  t h e  a l g a e ,  
This  dec rease  i n  a l g a l  biomass and i t s  a c t i v i t y  
(0 .3  t o  2 .5  pmol C2H4/m 1 p e r  hour) and r e l a t i v e l y  
I n  deepwater r ice no macroscopic epiphyt ism by 
GZoeotrichia was observed and b o t h  microscopic  
examinations and counts  i n d i c a t e d  no changes o f  t h e  
Table 3.. Acetylene-reducing a c t i v i t y  on t h e  component p a r t s  of deepwater r ice a t  m a t u r i t y .  
L igh t  Dark 
Component p a r t s  Biomass S p e c i f i c  ARA ARAa S p e c i f i c  ARA ARAa 
of p l a n t  (g f r e s h  w t  nmol C2H4/g ~IIIIO~ C2H4 nmol C2H4/g m o l  C2H4/h 
p e r  p l a n t )  ( f r e s h  wt) per h)  p e r  h ( f r e s h  wt) per  h )  
Floating 
Exposed r o o t s  2.5 
Leaf s h e a t h  62 
I n n e r  r o o t s  0.25 
Culm 98 
Submerged 
Exposed r o o t s  64.3 
Leaf s h e a t h  1 5  




69 1 7  
2.5 245 
0.54 35 
















1 . 5  
0.06 
2 
a S p e c i f i c  ARA x component biomass.  
Table 4. Numbers of e p i p h y t i c  microorganisms counted. 
N2-fixing BGA p e r  Bacteria per  g f r e s h  w t  of hos t a  
Host g ( f r e s h  wt) of h o s t  Heterotrophs N f i x e r s  N2 f i x e r s  
( h u c o s e )  (Malate) 
Shallow wetland r ice  (heading)  4.8 105 1 . 8  x 10 7.5 105 3.7 x 106 8 
Deepwater r i ce  (heading) 
Deepwater r ice (ma tu r i ty )  
Chara s p .  
Naias s p .  
2.3 105 n.d.  
7.2 x 10 
1 . 7  x 10 







3.5 x 1; 
4.8 x 10  
8.5 x 10  
n.d. n.d. 
2 .1  x 10 





2.0 x 10 
4.3 x 10 
5.5 x 10 4 1 . 8  x 10 5 
a n.d. = n o t  determined. 
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Table  5. S p e c i f i c  ARA measurement on r ice and weeds. 
Dominant ARA (nmol C2H4/g f r e s h  w t  p e r ' h )  Dark ARA as a 2 
N - f i x i n g  BGA L i g h t  Dark o f  t h e  l i g h t  ARA Sample 2 
614 .O n .d .  n.d. 
37.5 10 .1  27 
1 .9  0.67 25 




R i c e  a t  s e e d l i n g  s t a g e  
Rice a t  t i l l e r i n g  s t a g e  
Rice a t  heading s t a g e  
R i c e  a t  m a t u r i t y  
Deepwater r ice a t  heading 





Culo t h r i x  
Anabaena 
15.9 4 . 8  30 











Ca lo thr ix  
Nostoc 
Calothrix 
e p i p h y t i c  a l g a e  a long  the c u l t i v a t i o n  c y c l e .  The 
dramat ic  decrease  i n  l i g h t  ARA observed w i t h  shal low 
wetland r ice toward t h e  end of  t h e  c u l t i v a t i o n  c y c l e  
w a s  a l s o  n o t  encountered w i t h  deepwater r i c e .  This  
w a s  p o s s i b l y  due t o  t h e  morphology of  t h e  deepwater 
r ice  p l a n t ,  which provided a less dense canopy than  
the sha l low wetland rice. 
The d e c r e a s e  of t h e  s p e c i f i c  a c t i v i t y  from heading 
(20 nmol C2H4/g f r e s h  weight  p e r  hour)  t o  m a t u r i t y  
(10 nmol C2H4/g p e r  hour)  w a s  compensated by a n  
i n c r e a s e  of t h e  h o s t  biomass s o  t h a t  a c o n s t a n t  
a c t i v i t y  o f  1.5 mmol C2H4/m2 p e r  day was measured 
a t  both  s t a g e s ,  on t h e  b a s i s  of  25 plants /m2 and a 
12:12 hour  dayln ight  c y c l e  (Table 6 ) .  
Table  6 .  
rice. 
Acetylene-reducing a c t i v i t y  on deepwater 
S tage  of  p l a n t  growth 
Heading Matur i ty  
S p e c i f i c  ARA nmol C2H4/g 20.7 1 0 . 7  
f r e s h  w t  h o s t  p e r  hour 
Host  biomass gram 246 478 
ARA p e r  p l a n t  pmol C2H4/ 5 . 1  5.1 
hour  
Ext rapola ted  t o  f i e l d  mmol 1.5 1 . 5  
C2H4/m2 p e r  day 
36.6 3.3 9 
26.7 1.8 7 
1 . 8  1.3 72 
4.4 2.5 57 
Nature o f  the  association 
The r e s u l t s  w e  ob ta ined  are i n s u f f i c i e n t  t o  f u l l y  
e x p l a i n  t h e  r e l a t i o n s h i p s  between t h e  a l g a l  ep i -  
phytes  and t h e i r  h o s t s  b u t  c e r t a i n  i n f e r e n c e s  can 
be  drawn. 
Gloeotrichia has  been repor ted  t o  b e  e p i p h y t i c  on 
a q u a t i c  p l a n t s  (Fremy 1930, Finke and Seeley 1978) .  
Our exper ience  shows t h a t  i t  does not  e x h i b i t  any 
s e l e c t i v i t y  between dead and l i v i n g ,  o r g a n i c  o r  
i n o r g a n i c  m a t e r i a l ,  b u t  seems t o  grow p r e f e r e n t i a l l y  
on  rough s u r f a c e s  as i n d i c a t e d  by t h e  fo l lowing  
observa t ions :  
o Epiphytism on Chara s p . ,  which has  a rough 
c o r t i c a t e d  s u r f a c e ,  w a s  more than  on Najas s p .  
Colonies  on l i v i n g ,  smooth r i c e  stems detached 
more e a s i l y  than  those  on dead p l a n t  material, 
which as demonstratted by Howard-Williams .et  a l  
(19781, h a s  rough s u r f a c e s .  
o Coloniza t ion  w a s  observed on o l d ,  rough nylon 
s t r i n g s  b u t  n o t  on new smooth o n e s ' p l a c e d  i n  t h e  
f loodwater .  S i m i l a r  c o l o n i z a t i o n  on polye thylene  
s t r i p s  has  been r e p o r t e d  by Finke and See ley  
(1978). 
I n  t h e  c a s e  of  microscopic epiphytism most of t h e  
i s o l a t e d  e p i p h y t i c  s t r a i n s  grew appressed  t o  t h e  
s u r f a c e  of  t h e  c u l t u r e  vessels and r a r e l y  formed 
f l o a t i n g  c o l o n i e s .  
A unique f i n d i n g  of  t h i s  s tudy  w a s  t h e  presence  of  
BGA i n s i d e  t h e  l e a f  s h e a t h s  of  deepwater rice. T h i s  
f i n d i n g  on r ice  p l a n t s  grown i n  exper imenta l  p l o t s  
a t  I R R I  w a s  confirmed by microscopic  examinat ions 
on  samples c o l l e c t e d  from deepwater r i c e  f i e l d s  i n  
Nakorn Nayok (Thai land) ,  which showed a h i g h  d e n s i t y  
o f  a t rue-branching,  he te rocys tous  BGA w i t h i n  t h e  
l e a f  s h e a t h s .  
senescent  and necrosed m a t e r i a l  b u t  n o t  i n  l i v i n g  
t i s s u e s .  T h i s  phenomenon w a s  n o t  s p e c i f i c  t o  deep- 
water r i c e ,  and t h e  s a m e  w a s  observed i n  t h e  
decaying l e a f  s h e a t h s  o f  a s s o c i a t e d  g r a s s e s .  The 
r e s u l t s  ob ta ined  do n o t  confirm t h e  e x i s t e n c e  o r  
absence of  b i o t i c  r e l a t i o n s h i p s  between t h e  a l g a e  
and t h e i r  h o s t s ,  b u t  i n d i c a t e  t h a t  a mechanical  
e f f e c t  i n  r e l a t i o n  t o  the roughness o f  t h e  suppor t  
i s  involved  i n  a l g a l  epiphyt ism and endophytism. 
The roughness of t h e  h o s t  s u r f a c e  can be  a charac-  
ter is t ic  of  t h e  p l a n t  ( c o r t i c a t e d  f i l a m e n t s  of 
C h r a  s p . )  o r  t h e  r e s u l t  of  decay. 
Endophytic a l g a e  were p r e s e n t  i n  
Agronomic significance of epiphytism 
From t h e  ARA measurements of  t h e s e  experiments  t h e  
n i t r o g e n  i n p u t  i n  t h e  r ice  ' f i e l d  ecosystem by 
organisms e p i p h y t i c  on sha l low wetland r ice  can  b e  
e v a l u a t e d  t o  a few (2-3) ki lograms p e r  h e c t a r e  p e r  
crop,  mainly due t o  t h e  a c t i v i t y  o f  GZoeotrichia. 
Among the d i f f e r e n t  weeds s t u d i e d ,  o n l y  t h e  sub- 
merged ones e x h i b i t e d  a non-negl ig ib le  a c t i v i t y  
approximately corresponding t o  a n  i n p u t  of  2 kg NY 
ha per  crop under rice and 4 kg N/ha under fa l low.  
The a c t i v i t y  measured on deepwater rice corresponds 
t o  an i n p u t  o f  about  10-20 kg N/ha p e r  crop i n  t h e  
r ice f i e l d .  This s u b s t a n t i a l  c o n t r i b u t i o n  w a s  
mainly due t o  t h e  g r e a t e r  biomass a v a i l a b l e  f o r  
c o l o n i z a t i o n  rather than h e a v i e r  c o l o n i z a t i o n  by 
ep iphytes .  
The ARA rates o b t a i n e d  i n  t h i s  s tudy  w e r e  measured 
under  low l i g h t  i n t e n s i t y  and a e r o b i c  c o n d i t i o n s  
u s i n g  c u t  material  removed from t h e  f i e l d .  These 
v a l u e s ,  t h e r e f o r e ,  should b e  cons idered  an under- 
e s t i m a t i o n  of t h e  i n  s i t u  a c t i v i t y .  
Another impor tan t  r o l e  of a l g a l  epiphyt ism i s  the 
r e g e n e r a t i o n  of n i t r o g e n - f i x i n g  a l g a l  blooms, which 
are f r e q u e n t l y  washed o u t  of the f i e l d  by  heavy 
rains o r  b leached  by h i g h  l i g h t  in tens i t ies .  Epi- 
p h y t i c  a l g a e  are p r o t e c t e d  from t h e  adverse  condi- 
t i o n s  and provide  an inoculum from which regenera-  
t i o n  of  t h e  bloom i s  p o s s i b l e .  
. 
CONCLUSION 
W e  conclude that ,  i n  t h e  sha l low wet land  r ice f i e l d  
ecosystem, epiphyt ism by n i t r o g e n - f i x i n g  BGA makes 
o n l y  a s m a l l  c o n t r i b u t i o n  t o  t h e  n i t r o g e n  i n p u t ,  
b u t  p l a y s  an impor tan t  r o l e  i n  inoculum conserva- 
t i o n .  On t h e  o t h e r  hand, e p i p h y t i c  a l g a e  on 
deepwater r ice produce a s u b s t a n t i a l  n i t r o g e n  i n p u t .  
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